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品中富集得到两组柴油降解菌，共 9 株细菌、1 株真菌。它们对柴油都有降解
能力。16S rDNA 鉴定结果表明这 9 株细菌中有 3 株摩加夫芽孢杆菌（Bacillus 
mojavensis）、1 株施氏假单胞菌（Pseudomonas stutzeri）、1 株腊样芽孢杆菌
（Bacillus cereus）、1 株反硝化产碱杆菌（Alcaligenes denitrificans）、1 株阿氏
葡萄球菌（Staphylococcus arlettae）、1 株食烷菌（Alcanivorax）（B-5）和 1 株
类似很小海旋菌（Thalassospira lucentensis）的未知新菌（M-5）。其中，B-5
对柴油的降解能力最好，能够降解的烷烃链长范围很广（C5～C36）。与已报道
的食烷菌属（Alcanivorax）中其它种的 16S rRNA 同源性最高仅为 95.2 %
（Alcanivorax venustensis ISO4T）。此外，作者从东太平洋深海沉积物中分离到
了一株与 B-5 的 16S rRNA 同源性高达 99.6 %的石油烃降解菌（NO1A）。通
过生理生化特性分析、脂肪酸组成分析、G+C mol %含量分析、ITS 序列以及
DNA-DNA 杂交等分析，表明这两株菌是同属于食烷菌属的一个新种，命名为
柴油食烷菌（Alcanivorax dieselolei），并以 B-5 作为模式菌。另一方面，通过















括全长烷烃羟化酶基因（alkB）在内的、长度接近 8kb 的 DNA 片段。其中，





酶。Southern blot 和点杂交实验结果表明，克隆到的 alkB 是 B-5 中唯一的与恶
臭假单孢 GPo1 的 alkB 相关的烷烃羟化酶基因。随后的 P450 单加氧酶基因检
测表明，B-5 中没有 A. borkumensis SK2 细胞色素 P450 单加氧酶相关的烷烃羟
化酶。目前，我们已构建了 alkB 缺陷的 B-5 突变株，进一步的检测实验将确





























Petroleum-Hydrocarbon-Degrading Marine Microorganisms 
and the Analysis of Related Degradation Genes 
 
ABSTRACT 
Crude oil is one of the most important organic pollutants in marine 
environments and it has been estimated that worldwide somewhere between 
1.7~8.8×106 tons of petroleum hydrocarbons impact marine waters and estuaries 
annually. It has long been recognized that many microorganisms can use medium- 
or long-chain n-alkanes as sources of carbon and energy, which has stimulated 
many studies on the usefulness of these organisms in the bioremediation of oil 
spills and contaminated sites. In many microorganisms the first step for alkane 
degradation is the terminal oxidation of the molecule by an alkane hydroxylase, 
which has been proven to be useful and versatile biocatalyst, opening the 
possibility of its use in the industrial production of fine chemicals 
By enrichment with diesel fuel as a sole carbon source, nine bacteria and one 
fungus were screened out from the two samples. One, colleted from Yellow River 
dock of Shengli Oil Field, and the other from the oil storage dock in the city of 
Xiamen. All of the isolates showed considerable biodegradability to diesel fuel. 
Sequence analysis of 16S rDNA identified that the 9 bacteria belong to Bacillus, 
Pseudomonas, Staphylococcus, Alcanivorax, Achromobacter, and Alpha 
proteobacterium (M-5 isolate), respectively. Among them, isolate B-5 showed the 
highest biodegradability to diesel fuel and was able to utilize various n-alkanes as 















of 16S rRNA gene sequence similarity, B-5 was shown to belong to the 
γ-Proteobacteria. Highest similarity values were found with Alcanivorax 
venustensis (95.2 %), Alcanivorax jadensis (94.6 %) and Alcanivorax borkumensis 
(94.1 %). Additionally, one more isolate was retrieved from a deep-sea sediment 
sample in the east Pacific Ocean and showed 99.6 % 16S rRNA similarity with B-5. 
According to results of physiological and biochemical tests, cellular fatty acid 
composition, DNA-DNA hybridization, comparisons of 16S-23S internal 
transcribed spacer sequences and comparisons of the partial deduced amino acid 
sequence of alkane hydroxylase, both strains were affiliated to the genus 
Alcanivorax but were differentiated from recognized Alcanivorax species. 
Therefore, a novel species, Alcanivorax dieselolei sp. nov., is proposed, with the 
type strain B-5. What’s more, by screening a genomic DNA library and Inverse 
PCR method, an about 8 Kb A.dieselolei B-5 DNA region, including a gene coding 
for an alkane hydroxylase (AlkB), was obtained. The predicted AlkB showed low 
similarity to other known AlkB. Introduction of the cloned B-5 alkB gene into an 
AlkB knockout mutant of Pseudomonas putida GP012 (pGEc47ΔB) restored its 
ability to grow on n-alkanes. It confirms the gene analyzed encodes a functional 
alkane hydroxylase. Analysis of the ORFs surrounding the alkB revealed the 
presence of two ORFs, upstream of alkB, encoded polypeptides showing high 
similarity scores to an alcohol dehydrogenase and acyl-CoA synthtase, respectively. 
Downstream of alkB, an ORF was present encoding a protein 40 % identical to 
Pseudomonas aeruginosa HTH_MERR transcriptional regulator. It is obvious that 
the pattern of the gene organization surrounding B-5 alkB is completely different 
from those of other published alkB. Subsequently, the analysis of Southern blot and 
dot blot confirmed that the isolated alkB gene is the only GPo1 alkB related alkane 
hydroxylase gene present in B-5. And no A.borkumensis SK2 cytochrome P450 















knockout mutant was generated. Further analysis is on the progress. 
 


























前  言 
















号油溢事件不仅损失了 1500 万美元的油轮、2400 万美元的原油，还使 130



















前  言 














Marinobacter 和 Neptunomonas 外，都是“专业”的烃类降解菌。这是由于它
们能够利用的碳源很有限，例如：Alcanivorax 能够以直链烷烃和支链烷烃作
为碳源，却不能以任何糖类和氨基酸作为碳源。同样的，Cycloclasticus 利用
的是萘、菲和蒽等多环芳烃（PAHs）；Oleiphilus 和 Oleispira 利用脂肪烃、
烷醇和烷酸。还有很多是“非专业”的烃类降解菌，例如 Vibrio、
Pseudoalteromonas、Marinomonas 和 Halomonas 能够降解菲和屈等稠环芳香
烃[18]。另外，一些从海洋环境中分离获得的烃类降解菌经鉴定属于陆地的烃
类降解菌，例如：萘降解菌 Staphylococcus 和 Micrococcus[19]、2-甲基菲降解
菌 Sphingomonas[20]和烷烃降解菌 Geobacillus。 
1.1.4 食烷菌（Alcanivorax）的重要性 
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